Detailed atomistic molecular dynamics simulations were performed on monolayers of 4'-noctyl-4-cyanobiphenyl (8CB) adsorbed onto a surface of poly-m-alkanpyromellitimide (polym-APM), where m is the number of CH 2 units between the imide moieties. Poly-3-APM and poly-4-APM surfaces served as model surfaces to investigate the influence of microscopic grooves, polar carbonyl groups exposed to the surface, and an anisotropic van der Waals interaction between the LC-molecules and the polymer chains. A Lennard-Jones fluid was chosen as the bulk phase in order to mimic the bulk LC-phase. The fluid lubricates the motion of the LC-molecules and increases the molecular tilt angle. While microgrooves dominate the alignment of isolated molecules, an anisotropic Van der Waals interaction with the main chain is stronger in the case of entire monolayers.
Introduction
The orientation of nematic liquid crystals (LCs) close to solid surfaces is of high interest for both fundamental physics and application in liquid crystal displays (LCDs). All LCDs contain polymeric alignment layers on their inside surfaces inducing a well-defined ground state of the cell. 1 Switching is achieved by a competition between an electric field and the orientating action of the cell surface. The anisotropic surface-LC interaction by which the surface governs the orientation of the bulk is often termed "surface orientational anchoring" or "surface anchoring", for short. 2, 3, 4 Alignment layers are key components in LC displays.
Preparing alignment layers capable of generating any kind of bulk orientation (specified by device engineers) is a formidable challenge for molecular engineering. For practical reasons it is important that the induced orientation be tilted away from the surface by a "pretilt" angle between 2 and 15 °. 5, 6 The alignment layer must therefore not only provide axial anisotropy (an axis) but polar anisotropy (a direction), as well. The current technology mostly relies on mechanical rubbing of polyimide surfaces, 7 where the rubbing direction defines the in-plane anisotropy. Large efforts are also spent on establishing "optical buffing" 8 in the market place.
Here, anisotropy is created with polarized UV light.
At least as important as efficient tools for surface engineering is a profound knowledge of the surface-LC interaction itself. Despite the enormous practical relevance of surface anchoring, the underlying mechanisms are poorly understood. A variety of effects have been proposed which could potentially influence the surface anchoring mechanism. These include anisotropic LC orientational elasticity in connection with macroscopic grooves, 9 short-range interactions on the molecular scale, 10, 11, 12, 13 surface electric fields, 14 a near-surface order parameter different from the bulk, 12, 15 and a coupling of a bending of the nematic director to surface electric fields (flexoelectricity).
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The problem of LC alignment can be conceptually broken up into three separate questions involving: (a) determination of the structure and the orientation in the polymer substrate, (b) evaluation of the orientation of an LC monolayer adsorbed onto a polymer surface and (c) determination of the orientation induced in a bulk LC in contact with this LC monolayer. The first problem can be experimentally addressed with different techniques such as IR spectroscopy, 10, 17 or near edge X-ray absorption fine structure (NEXAFS) spectroscopy. 18, 19, 20, 21, 22 In these studies it was always found that rubbed polyimide films are molecularly ordered along the rubbing direction. Shear induced plastic flow and crystallization presumably play some role. The orientation in thin LC films can be investigated with similar techniques.
Surface optical second harmonic generation (SHG) has also been applied to thin LC films in a number of experiments. 23, 24, 25, 26 In some cases, the same measurements have been subsequently performed on the polymer substrates and the LC films, providing correlations between the orientation in the substrate and the film. 27, 28, 29 The orientation of the bulk liquid crystal can be easily measured with the crystal rotation setup. 30 Underlying this hierarchical concept of LC alignment is the notion that the first few layers of liquid crystal adjacent to the cell wall play a special role. This assumption is, for instance, supported by the "surface-memory effect." 31, 32 If one heats a randomly aligned LC cell to above the nematic-isotropic transition temperature for some limited time and then cools back to the nematic state one finds the same domain pattern as before the heat treatment. This is usually interpreted in terms of a rather immobile layer of LC molecules close to the wall which retains its orientation even if the bulk is isotropic. When the bulk becomes nematic again, this surface layer induces the same alignment pattern as before.
It is also generally agreed that the alignment is influenced by local interactions at the surface of the alignment layer. Measuring the surface optical second harmonic generation (SHG) from -4 -LC monolayers, Shen and co-workers have proven that molecular detail matters at least in some cases. The anisotropy of the monolayers depended on the chemical nature of the substrate and the rubbing conditions. 10, 12 Long range interactions, for instance based on macroscopic grooves in conjunction with LC orientational elasticity, 9 would not be able to align an LC monolayer.
Studies on the orientation of LC monolayers are most useful under conditions of "strong anchoring," that is, under conditions where the surface-LC interaction is stronger than the interaction between the first LC-layer and the LC bulk. Under conditions of strong anchoring an adsorbed LC monolayer has an orientation similar to the first layer of molecules of a bulk LC medium. Experimental support for strong anchoring was found for the cyanobiphenyl family on polar surfaces with surface optical second harmonic generation (SHG). 33 The fact that these samples generate an SHG signal proves the existence of polar orientational order, which is never observed in the bulk. Apparently, the surface is able to break up the quadrupole pairs usually formed by cyanobiphenyls, which points to a strong surface-LC interaction. On the other hand, it should not naively be assumed that the thin LC-films and the first LC layers in an LC-cell are equivalent. The presence of the second interface, (LCvacuum or LC-solvent interface) does affect the orientation.
On the theoretical side, the understanding of LC-alignment is currently limited to rather qualitative arguments, identifying possible mechanisms and assessing their relative strengths. 2, 4 For practical purposes, quantitative predictions for certain combinations of materials and processing parameters would be desirable. Given that chemical detail does matter, modeling with continuum theories is problematic. In these calculations the material properties have to enter in some form of "effective parameters" and it is not clear how to map the microscopic properties onto the continuum models. Molecular detail can be accounted for -5 -in Molecular Dynamics (MD) calculations. 34 However, the full problem of surface anchoring covering molecular details is beyond the power of the current computers. The simulation volume would have to be of the size of a least the nematic coherence length, which is a few nanometers. 35 Also, due to the collective nature of the orientation fluctuations, the orientational dynamics of liquids crystals is slow.
Importantly, LC films with a thickness in the monolayer range are amenable to molecular and 8CB with crystalline polyethylene, polyvinylalcohol, polypropylene and Nylon 6 surfaces.
All crystalline surfaces, except polypropylene, were found to induce orientation parallel to the polymer chain axis.
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The purpose of the molecular simulation performed in this study was to obtain a microscopic picture of the monolayer arrangement above two crystalline polyimide surfaces. The simulation can elucidate how the polarity of LC molecules, the chemical structure, and the morphology of the surface can affect the alignment and the tilt of the monolayer. The system chosen was a surface monolayer of 8CB on a surface of poly-m-alkanpyromellitimide (polym-APM), where m is the number of CH 2 units between the imide moieties. 45 The chemical structures are shown in Figure 1 . In a previous SHG-study a pronounced odd-even effect in LC-alignment with respect to the odd or even number of CH 2 units was found. 26 The oddeven effect was present in both the LC monolayer orientation and the bulk LC alignment.
Presumably, the odd-even effect results from the difference in packing behavior: An even number of CH 2 groups promotes a molecular configuration, where the two aromatic blocks adjacent to the alkyl unit are parallel to each other. The alkyl chain itself makes a finite angle with this direction. This conformation should favor a shingle-like arrangement of the chains at the surface. An odd number of CH 2 groups, on the other hand, prevents this kind of shingling. We investigated the interaction of a monolayer of 8CB molecules with surfaces modeling those of two poly-m-alkanpyromellitimides (poly-m-APM) having either three or four methylene groups in the repeating unit (m=3 or 4). The molecular structure suggests that the poly-3-APM surface is much more corrugated than the poly-4-APM surface. Also the poly-4-APM surface should display polar asymmetry along both the x-and the y-direction (C 1v -symmetry) whereas the poly-3-APM has a mirror plane perpendicular to the chain direction (C 2v -symmetry). These surfaces can therefore serve as model systems to study the influence of microscopic surface corrugation and surface symmetry on the alignment behavior.
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Technical Details

Force Field Parameters for 8CB and Alkanpyromellitimide
The 8CB model was taken from Cleaver et.al., 36, 37 Lennard-Jones potentials describing intermolecular interactions were taken from the GROMOS force field 46 and were identical to the treatment of 5CB by Picken et.al. 47 The molecular geometry of the alkanpyromellitimide monomer was optimized using ab initio calculations (B3LYP 6-31G). The equilibrium bond lengths and valence angles are shown in Table 1 . To obtain a molecular model compatible to that of the 8CB molecule, all hydrogen atoms were combined with their neighbouring carbon atoms. The force constants for the valence angle potential were taken from the GROMOS force field. 46 A barrier height of 18.4 kJ/mol was adopted for rotation of the C imide -N-CH 2 -CH 2 dihedral angle following ab initio (HF/6-311G**) calculations on an alkanpyromellitimide fragment (not shown). The potential energy function for this dihedral angle has a two-fold periodicity. The barrier height for alkyl chain rotations was obtained from the Ryckaert and Bellemans parameterization as described by Cleaver et.al. 36 Ab initio calculations (HF/6-31G) were performed on a pyromellitimide segment containing (CH 2 ) 3 CH 3 segments connected to both its nitrogens, and partial charges -8 -were determined by fitting atomic point charges to the electrostatic potential on the molecular surface according to the CHELP scheme. 48 The charges on the hydrogen atoms were merged with those of their neighbouring carbons. The nonbonded Lennard-Jones (united atom) parameters were taken from the GROMOS force field. Parameters for unlike interactions were determined using Lorentz-Berthelot mixing rules. In Table 1 , all parameters and functional forms of the potential energy functions used are shown.
Construction and Equilibration of Polymer Crystal Surfaces
In this work we study the molecular interactions between 8CB and m=3 and m=4 poly-m-APM crystal surfaces. The constructed surfaces were large enough to (i) accommodate a statistically meaningful number of 8CB molecules in a monolayer (approximately 30-40 molecules) and (ii) avoid head-to-tail interactions between periodic images of adsorbed mesogens. The polymer slab in our studies is a three-layered crystal, each layer containing 10 parallel aligned hexamers. The alkyl chain parts are in the all-trans, fully extended conformation, yielding a "planar zigzag" conformation for m=3 and a "planar extended" conformation for m=4. In this arrangement the unit cell is orthorhombic. The interchain spacing within each layer was taken from X-ray crystal data reported by Kazaryan et.al. 49 , and equals 4.7 Å. The surface xy-dimensions are 64.2×46.9 Å 2 (m=3) and 75.9×47.5 Å 2 (m=4).
The distance between the layers was chosen 5Å to obtain the appropriate crystal density of 1.5 g/cm 3 . The slab thickness of three layers was chosen to ensure that an adsorbed mesogen sees a bulk crystal within its interaction cutoff (see below). In this initial arrangement of crystal atoms, the surface normal coincides with the normal of the pyromellitimide ring.
To equilibrate the crystal it was necessary to apply position restraints. We decided to restrain the nitrogen atoms in the imide moieties of the chains (a harmonic restraining potential with a force constant k=10 4 kJ mol -1 nm -2 was used). When restraining the nitrogen positions, the the chain direction (x-direction) over fixed relative distances, and found that their average energies increased proportional to the deviation from maximum ring stacking in the ideal crystal structure. Therefore only this structure was further considered in our studies.
On the m=3 and m=4 surfaces, 8CB molecules first encounter the carbonyl oxygens when approaching from the vapor or bulk nematic 8CB phase. The 8CB monolayers simulated in this study are stable on these surfaces. We also constructed crystal surfaces with the phenyl ring normals perpendicular to the surface normal (these slabs were not equilibrated; instead, position restraints were applied to all crystal atoms). The 8CB monolayers simulated on these crystals faced strong polar carbonyl oxygens and clustered (dewetted) during the simulations.
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Simulation Details
Molecular dynamics was run using the YASP simulation package. 50 Constant temperature dynamics was performed by weak coupling 51 to a temperature bath of 300 K with a coupling time of 0.2 ps. All bond lengths were constrained using the SHAKE algorithm 52 with a relative tolerance of 10 -7 . The time step employed was 2 fs. For nonbonded interactions (Lennard-Jones and electrostatic), a cutoff distance of 0.9 nm was used. An atomic Verlet neighbour list 53 was used, which was updated every 15 time steps; neighbours were included if they were closer than 1.0 nm. Configurations were saved every 1 ps.
We studied the interaction of isolated 8CB molecules and 8CB monolayers with the m=3 and m=4 surfaces. Placing the 8CB molecules at random positions in randomly chosen orientations above the surface set up the systems (molecular centers of mass were placed 5-10 Å above the surface.) The systems were periodic in x-and y-direction only. In this way we study polyalkanmellitimide/8CB/vacuum systems. Before collecting the system trajectories, 100 ps equilibration runs were performed, which was sufficient to ensure that all memory of the initial orientation was lost.
Solvent
To understand the orientation of the first adsorbed monolayer we would ideally like to study poly-m-APM/monolayer/vacuum and poly-m-APM/monolayer/bulk systems. To simulate a full bulk LC phase at the present level of chemical detail demands huge computational resources and therefore cannot be performed straightforwardly. However, a nematic bulk, if present, will certainly have an effect on what goes on near the surface. For instance, it will to some extent solubilize the adsorbed molecules, thereby affecting their molecular tilts (solvent effect). Even though the bulk LC cannot be explicitly included into the simulation, one can mimic the bulk (solvent) effect using only few extra degrees of freedom, which capture the -11 -bulk 8CB solvent effect in an average way, albeit at a reduced level of detail. We approached this question by substituting the bulk 8CB by an apolar solvent. Despite its strong electric dipole, the 8CB molecules in the nematic phase are generally believed to pair up in neutral "cybotactic clusters". 54 Dipolar interactions between molecules in the first adsorbed surface layer and molecules in the bulk are assumed to be screened out. This means that the apolar ring and tail parts of the 8CB molecules essentially govern the solvent properties of the bulk.
Hence, in the simplest (crude) approach we can model the solvent using structureless particles interacting through Van der Waals forces only. This we did by adopting Lennard-Jones (LJ)
"atoms" with a large size, chosen such that the bulk solvent above the 8CB monolayer could be simulated using a few hundreds of these atoms. Note that a fully atomistic 8CB bulk would increase the system size by several thousand atoms. The size of the solvent atom was chosen to resemble the kinetic diameter of carbon tetrachloride (σ=0.5581 nm). Its Lennard-Jones well depth was chosen such that a chemically realistic 8CB molecule favors the interface in the polyalkanmellitimide/8CB/LJ-solvent system. With this artificial solvent we effectively capture the thermodynamic effect of the bulk on the molecular 8CB tilts: the apolar tail parts of adsorbed 8CBs will be partially solubilized by the attractive Van der Waals background of the bulk. In addition to these structural effects, the solvent lubricates the motion of the 8CB in some cases. These dynamic effects are of minor interest here. Figure 2 shows the equilibrated m=3 and m=4 crystal slabs simulated in this work. The carbonyl oxygens are shown in red. The m=3 crystal shows "shingles" in the direction of the y axis (Fig 2A) ; the planar imide parts are rotated away from the surface normal by approximately 48 degrees. m=4 shows a shingling structure along the x-and -y-axis (Fig 2B) .
Results
A. Isolated molecules
Surface anisotropy
The imide parts are rotated away from the surface normal by approximately 43 degrees. m=3
forms a planar zig-zag structure in ±x and contains microscopic "grooves" in ±y direction.
These parabolically shaped grooves are bounded by two planar imide parts and a lower ("buried" in the bulk crystal) alkane -(CH 2 ) 3 -part. The periodic cell in our study contains three of these grooves. The m=4 periodic cell shows six grooves in ±y, however these are less pronounced rendering this surface to be more flat at the molecular scale. The main direction (the chain direction) in the poly-m-alkanpyromellitimide crystal structures is thus accompanied by a second (perpendicular) direction of micro corrugation.
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Anchoring of single 8CB molecules
Figures 2A and 2B also show snapshots from the simulations of isolated molecules on both surfaces. On m=3, the 8CB molecule quickly finds a ±y directed groove and adopts its orientation to it during a major course (this can be as long as several nanoseconds) of all simulations performed. Inside the groove, the 8CB maximizes non-bonded contacts (the polar head of the 8CB directs itself towards the polar carbonyl moieties on the chain on either side of the groove, whereas the apolar aliphatic tail prefers the alkane parts at the bottom of the groove). Anchoring is hence provided by polar cyano-carbonyl and multiple Van-der-Waals interactions. On m=4, the picture is quite similar, but the 8CB does not fit inside the grooves quite as neatly as on m=3. Hence, the 8CB is more mobile and larger parts of the surface are explored, as is illustrated by the two orientations shown in Fig 2B . Figure 3B ).
The interaction energies from quantum-chemical calculation are 4.2 kcal mol -1 and 3.8 kcal mol -1 for the 6-31G* and 6-311G(2d,p) basis set, respectively. For both basis sets, a second minimum could be identified where the cyano group is directed towards the methyl group.
The interaction energies associated with this minimum are weaker and amount to 3.1 kcal mol -1 (6-31G* basis set) and 2.7 kcal mol -1 (6-311G(2d,p) basis set).
The translational dynamics of the 8CB center of mass is shown in Fig 4. This figure shows four 500 ps trajectories of single 8CB molecules on m=4 and two 500 ps trajectories on m=3.
On both surfaces, the translational diffusion is anisotropic and occurs predominantly in the direction of the groove. On m=4, far larger parts of the groove are sampled compared to m=3, and short excursions to neighbouring grooves occur. The 8CB spends most of its time exploring its spatial anchoring position at the surface and infrequently jumps over distances (in y direction) of approximately 5 Å, which is close to the interchain spacing (4.7 Å) in y. On m=3, the 8CB molecule remains strongly fixed and only rarely jumps (we observed typically one jump in ±y during 1 ns runs) to a neighbouring position.
-15 - Figures 5A and 5B show the molecular tilt angle distributions for m=3 and m=4, respectively.
The distributions were averaged over 5 independent single molecule runs of 500 ps each. The tilt angle was defined as the one between the surface normal and the 8CB vector, which points from the first aliphatic CH 2 group (the one connected to the phenyl ring) to the cyano nitrogen atom. In addition, the effect of the solvent on the molecular tilts is shown. On m=4, visual inspection showed that the solvent significantly raises the 8CB tilt angle by solvating the aliphatic 8CB tail. When the well depth of the solvent-solvent potential is increased from 0 (vacuum) to 4.4 kJ/mol, solvation of the tail part causes the peak in the tilt angle distribution to shift to 104 degrees. Above 4.4 kJ/mol the 8CB tail was found to be expelled from the solvent causing the maximum of the distribution to shift back to the one found in vacuum (not shown). In the vacuum environment, the maximum occurs at approximately 92 degrees. On m=3, the distribution is narrower and no significant solvent effect is observed. The peak maximum occurs at 92 degrees, similar to the m=4/vacuum system. On the basis of the snapshots presented in Figures 2A and 2B , it is plausible to assume that the solvent (which is repelled by the surface) can hardly access the 8CB adsorbed onto m=3. The 8CB on m=4, to a large extent, lies above the surface and is better accessible by the solvent.
The slow surface dynamics does not allow to explore the azimuthal angle distribution exhaustively. Nevertheless, the azimuthal distributions from independent sets of simulations are qualitatively similar, despite peak heights showing statistical variations. In Fig 6 we present the azimuthal angles sampled in two independent runs (an azimuthal angle of 0 degrees corresponds to the +x direction). On m=3, a molecule chooses either +y or -y alignment and stays in that orientation. If the solvent is applied rather than a vacuum no significant changes occur. On m=4, the molecules sample a larger part of this orientational degree of freedom. Some molecules happen to align in +y or -y, but main chain alignment -16 -occurs as well and transitions are observed between ±y and ±x. With a solvent present, more orientations are sampled because the molecule may take advantage of the solvent to reorient (the 8CB is temporarily free from the surface in that case).
B. Cyanobiphenyl monolayers on poly-3-APM and poly-4-APM
Simulations of monolayers were performed with 30 8CB molecules corresponding to surface densities of 100 Å 2 /molecule (m=3) and 120 Å 2 /molecule (m=4). On both the poly-3-APM and poly-4-APM surfaces five independent monolayers were simulated. Trajectories were sampled in (at least) 500 ps production runs. During the equilibration runs of the initial configurations (the 8CB molecules were homogeneously distributed with random orientations just above the surface) the 8CBs quickly relaxed into a homogeneous surface layer, which did not show significant dynamics during the production runs. We characterized the 8CB translation and orientational relaxation dynamics (center of mass mean-square-displacements, reorientation correlation times of the 8CB main axis), however, no significant movement could be observed at the time scales of our simulations. The use of the effective solvent did not change the dynamics.
In Figures 7A and 7B we present the monolayer packings on m=3 and m=4, respectively.
These packings were simulated with the 8CB facing a vacuum. On m=3 patches can be identified, which align in predominantly in ±x and ±y direction. Clear defects occur between neighbouring differently oriented patches. The monolayers on m=4 are more homogeneously packed (fewer defects) on the surface, and patches can be identified as well, but, in this case, alignment in the chain direction (±x) dominates. Figure 7 and confirm the bimodal alignment (±x and ±y) on m=3 and the alignment in the main chain direction (±x) on m=4. In contrast to a strong surface induced ±y alignment of isolated molecules (Figs 2 and 6 ) the monolayer alignment is determined by a balance of surface induced anchoring and packing effects. The surface tries to align the 8CB molecules in ±y (the direction of the micro corrugation), whereas efficient monolayer packing occurs in ±x (in ±x direction the monolayer has optimized 8CB/main-chain contacts and mutual 8CB contacts). Due to the stronger ±y anchoring in the microscopic grooves on m=3, this surface tends to favor ±y alignment of 8CB. Figure 9 shows the distribution of the molecular tilt angles of 8CB in the monolayers on both surfaces. No significant difference in the location of the peak maxima on m=3 and m=4 can be detected when the monolayers face a vacuum. In the presence of a solvent, the peak maximum of m=4 shifts a few degrees in the direction of larger angles indicating that solubilization of the aliphatic 8CB tails favors the anchoring of the cyano group. The effect of the solvent is less pronounced than in the single molecule simulations.
Discussion
Model surfaces and rubbed polyimide surfaces
It is generally agreed that rubbing polyimide surfaces is a "black art" and, as a consequence, there is little quantitative information on what, exactly, rubbed polymer surfaces look like.
Nevertheless, some qualitative statements can be made. Firstly, IR dichroism shows that the polymer chains are aligned along the rubbing direction. 10 Secondly, it has been proven with evanescent x-ray diffraction that there is some local crystalline order (different from the bulk crystallinity) which should have some influence. 57 Thirdly, near edge x-ray absorption fine structure (NEXAFS) measurements have shown that the phenyl ring planes often show some Note that a shingle-like arrangement develops not only along but also perpendicular to the main chain direction. We term the direction with the shingles pointing up "+y". While one might argue that this ±y asymmetry is irrelevant in practice because there are equally many grains with the shingles pointing to the right and to the left of the rubbing direction, this is not true. The alignment of the main chains along the rubbing direction is far from perfect. It is quite possible that grains form, in which the y-axis is not perpendicular to the rubbing direction. The shear-induced crystallization may be biased in favor of crystallites with a positive projection of the +y-direction onto the rubbing direction. Shingling along the y-axis may in this way be part of the explanation of pretilt. While the shingle-like arrangement along the main chain is a feature specific to poly-4-APM surfaces, shingling perpendicular to the -19 -main chain should be present in most other polyimides -including the commercial ones -as well.
Translational and rotational dynamics
In agreement with experiment, 31,32 the reorientational dynamics is frozen in for the first monolayer. There is however, a small lateral mobility of the LC-molecules on the poly-4-APM surface. This motion is only found in the presence of the (lubricating) solvent. At this point, were are not interested in the details of the near-surface dynamics. As a technical drawback, the loss of ergodicity implies that efficient sampling can only be achieved by multiple simulations runs with varying initial conditions.
Molecular tilt
There are two different prerequisite for the generation of pretilt. Firstly, there must be a tilt on the molecular scale. Secondly, this tilt must be correlated with the azimuthal angle, that is, it must be higher parallel to the rubbing direction than antiparallel. The latter effect requires symmetry breaking, termed "shingling" here. On the basis of optical second harmonic generation (SHG) experiments, 33, 23 it has been postulated that the dipolar interaction between the cyano group of the 8CB and carbonyl group plays a special role in the generation of pretilt because it increases the molecular tilt. However, it is not quite clear, how, exactly, the C≡N and the C=O group should be situated with respect to each other in order provide a net attraction. Since both the oxygen and the nitrogen atom carry a partial negative charge, these units have to avoid each other. The detailed ab-initio calculation shows that such a geometry is possible (Fig. 3A) . Both the nitrogen atom and the oxygen atom are in close proximity to the carbon atom on the other molecule which carries a positive charge. The cyano groups therefore help to maintain a vertical polarity of the 8CB layer with the heads pointing downwards, as experimentally found with optical SHG.
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In addition to the dipole-dipole interaction of the CN-group, there is a second source of molecular tilt which is given by a partial solubilization of the alkyl chains in the bulk medium. As Figs. 5 and 9 show, the solvent significantly increases the molecular tilt, where the effect is less pronounced on packed monolayers than on isolated molecules. We therefore believe that the presence of the bulk LC, modelled here by including a solvent, contributes to the pretilt of the first absorbed layer.
Alignment along the rubbing direction
As 
Pretilt
Clearly, the issue of pretilt is of highest interest in the context of application. There also is a significant tilt along the x-direction of (-3±2)°. Note, however, that the tilt is negative, that is, against the direction of shingling. This result certainly is unexpected.
Interestingly, poly-m-APM has been investigated by the Nagoya group with NEXAFS measurement. 20, 21 While a correlation between shingling in the substrate and a pretilt could be very well established for a related compound, shingling was not found for poly-m-APM.
These authors provided a picture which was not based on shingling. While a definite conclusion regarding the relation between the near-surface pretilt, as calculated here, and the bulk LC pretilt from experiment cannot be drawn, this example certainly illustrates that molecular details do matter and that the generation of a pretilt can be a rather complicated issue.
Conclusions
Detailed MD simulations of 8CB molecules and monolayers situated on crystalline polyimide surfaces have been performed with an emphasis on understanding the origin of molecular tilt and macroscopic pretilt. A macroscopic inclination of the LC-director requires both tilt on the molecular scale and the absence of a mirror plane along the rubbing direction. The generation of microscopic tilt is aided by a dipole-dipole interaction between the cyano group and the carbonyl groups of the polymer, on the one hand, and by partial solubilization of the aliphatic tails in the bulk, on the other. Breaking of the mirror symmetry along the rubbing direction is provided by a shingle-like arrangement of the aromatic blocks. While microgrooves dominate -23 -the alignment of isolated molecules they are less effective on entire monolayers due to lateral interactions between the LC-molecules. 
